The extent of sex differences in childhood language development is unclear. We conducted a systematic literature review synthesizing results from studies examining sex differences in brain structure and function relevant to language development during childhood. We searched PubMed and Scopus databases, and this returned a total of 46 published studies meeting criteria for inclusion that directly examined sex differences in brain development relevant to language function in children. The results indicate that: (a) sex differences in brain structure or function do not necessarily lead to differences in language task performance; (b) evidence for sex differences in brain and language development are limited; (c) when present, sex differences often interact with a variety of factors such as age and task. Overall, the magnitude of sexual dimorphism of brain developmental trajectories associated with language is not as significant as previously thought. Sex differences were found, however, in studies employing tighter age ranges. This suggests that sex differences may be more prominent during certain developmental stages but are negligible in other stages, likely due to different rates of maturation between the sexes. More research is needed to improve our understanding of how sex differences may arise due to the influence of sex hormones and developmental stages, and how these differences may lead to differences in various language task performance. These studies are expected to provide normative information that may be used in studies examining neurodevelopmental disorders that frequently affect more males than females, and also often affect language development.
Introduction
For decades, sex differences in language development has been a topic of interest for researchers and the general public alike. Reports of sex differences in speech and language abilities of boys and girls date back to the late 1950s. An influential paper by Anastasi (1958) claimed that girls are superior to boys in language abilities from childhood to adulthood. Other studies reported similar findings (e.g., Maccoby et al., 1966; Maccoby and Jacklin, 1974) . The view that girls exhibit superior language abilities has been generally accepted in both the scientific and non-scientific community. However, this position has been challenged by claims that male and female brains exhibit similar characteristics (Joel et al., 2015; Joel and Fausto-Sterling, 2016 ) and meta-syntheses pooling results from hundreds of studies that have shown that there are negligible differences in behavioral performance on most cognitive tasks including language between the sexes (Hyde, 2005 (Hyde, , 2016 Lindberg et al., 2010; Zell et al., 2015) . These opposing views are in line with the inconsistent findings reported to date in the literature on factors affecting sexual dimorphism in language development. A thorough examination of the magnitude, consistency, and developmental trajectories of brain structure and function associated with sex differences in language abilities is warranted.
A widespread network of brain structures is involved in language processing. Most commonly reported regions include cortical areas in the left hemisphere such as the inferior frontal gyrus and auditory regions such as the planum temporale and superior temporal gyrus (for a meta-analysis see Vigneau et al., 2006) . These structures are thought to form part of a loop that facilitates semantic and phonological processing. Other work highlighted the importance of subcortical structures such as the basal ganglia and cerebellum in language processing. The basal ganglia critically support the initiation of speech sequence production (Bohland et al., 2010) , while the cerebellum interfaces between cortical motor and sensory areas via the thalamus to play a role in speech error correction when there is a mismatch between the expected and actual self-initiated sensory (auditory, somatosensory) feedback (Kotz et al., 2009) . Further, the corpus callosum is relevant for lateralization for cortical structure and function (Hinkley et al., 2016) . Lesions to the corpus callosum impair processing of syntactic information in the left hemisphere and prosodic information in the right hemisphere (see Friederici, 2011) . These studies were mostly based on research on adults and hence the significance of these language related regions during childhood development, and possible differences between the sexes, is not clear.
Prior to the 1920s, studies of sex differences in the brain were restricted to postmortem examinations, but the advent of neuroimaging provided researchers with a sophisticated means by which to evaluate the brain in vivo. Normal brain development is characterized by an inverted-U shape curve of growth in gray matter volume/density, and a general increase in white matter that plateaus at around the 3rd and 4th decade of life (Giedd et al., 2009) . Between the time a child is born and their second birthday, cortical thickness of the brain increases to 97% and surface area of the brain increases to 69% of its adult value (Lyall et al., 2015) . Typically, sensory and motor regions mature earlier, with those involving higher order executive functioning maturing later (Gogtay et al., 2004) . Aspects of brain development continue well into adulthood . The brain undergoes rapid growth and change during the critical period for speech and language development that occurs until approximately age 3. Early vocal learning begins even prior to birth (Locke, 1993a) and infants then attend to prosodic elements of speech at first, presumably governed by the right hemisphere. Further, at 20 months, the two hemispheres show differential activation to unknown (right) vs. known words (left) (Mills et al., 1993) . During the first 2 years of life, children move from pre-linguistic communication to intentional communication consisting of short 2-3-word sentences. Matsuzawa et al. (2001) did not find sex differences in brain development in infants and young children, however the sample size was small. Reiss et al. (1996) did find larger volume in boys compared to girls as young as 5 years of age. By 5 years of age, children are likely speaking with adult-like grammar and communicating easily with most people (https://www.nidcd.nih.gov/health/speech-and-language). Speech and language continues to flourish during these initial 5 years of life, and it is a crucial period for studying neurolinguistic development. A recent systematic review provided a comprehensive summary of all functional neuroimaging studies of language in children to date (Weiss-Croft and Bladeweg, 2015) . This review highlighted four main findings. First, brain activity in regions supporting semantic processing increased with age. Second, brain activity in sensory and motor regions increased, while activation in higher order cognitive regions decreased with age. Third, brain activity in the posterior cingulate cortex and precuneus attenuated with age. Fourth, results showed that language lateralization is established by 5 years of age. From this it is clear that the brain areas associated with language undergo significant changes throughout the course of development; however, these changes may not necessarily occur in the same manner in boys and girls.
Wallentin (2009) published a critical review of literature on sex differences in language processing. He noted that most studies reporting sex differences on the basis of p values were only marginally significant. Studies with small numbers of subjects were more likely to report differences than those with large numbers of subject which implies that many of the significant findings were actually false positives. Moreover, large variation in the size or shape of certain brain structures raises doubts over the legitimacy of reports of sex differences and could indicate some may be spurious results. Overall, Wallentin (2009) concluded there was no convincing evidence for sex differences in language areas of the brain. However, this paper focused almost exclusively on studies of adults, and therefore we have a limited understanding of sex differences in language abilities in children and adolescents. Since Wallentin's review, there have been a number of studies that have been published examining childhood development on the topic of sex differences in brain structure and function in relation to language ability. Here, we aim to provide a review of these studies, focused on sex differences in brain structure and function relevant to language. We sought to investigate the consistency of any sex differences, and how they change over time with respect to various language functions. First, we sought to establish whether there are measurable sex differences in brain structure as they relate to language development. It was expected that any such differences would be highly dependent on factors such as age, brain region, and methods used to quantify structural measures. Second, we sought to examine how sex differences in brain function are associated with behavioral performance of language tasks. We anticipated that sex differences in the functional organization of the brain would be associated with corresponding differences in behavioral performance. This article discusses the implications of the results, placing them in the context of the broader scientific literature.
Material and methods

Protocol
A systematic literature search was conducted using the PRISMA guidelines (http://www.prisma-statement.org) which describes robust guidelines for conducting meta-analyses and systematic reviews. Eligibility criteria are detailed below and in subsequent sections. The review considered any study published that directly investigated sex differences in language tasks in typical childhood development. The last date searched was 04/07/2017 (MM/DD/YYYY). We also considered studies focusing on structural and functional brain development. There was no restriction on the publication date.
Information sources
Online searches for articles were conducted using Scopus (https:// www.scopus.com/) and PubMed (http://www.ncbi.nlm.nih.gov/ pubmed). To ensure that our systematic review did not miss any items, we cross-checked the results against bibliographies in the articles. We identified relevant articles by searching for items that contained all of the words 'child, 'language', 'growth' or 'development', 'sex' or 'gender' and either 'MRI or magnetic resonance imaging, or fMRI or functional magnetic resonance imaging or EEG or electroencephalography or DTI or diffusion tensor imaging' in the article title, abstract, or keywords (Scopus) and in all fields (PubMed). Notably, a child was considered any individual under the age of 18.
According to the American Psychological Association Dictionary of Psychology (American Psychological Association, 2015) , whereas gender refers to the psychological, behavioral, social, and cultural aspects of being male and female, sex refers to the biological aspects of being male or female. In the context of neuroimaging research, many papers erroneously use these terms interchangeably. Here, we explicitly use the term sex differences to reflect the fact that we are primarily interested in biological differences rather than gender differences. This search returned a total of 126 items (PubMed) and 150 items (Scopus). Of these results, 86 items were common items from both databases while 40 (PubMed) and 64 (Scopus) articles were unique. In total the search identified 190 unique articles via PubMed and Scopus. A manual search of Google Scholar was also conducted. This search was designed to identify studies that were not detected by the database search (e.g. did not contain all the necessary search terms) but would still be relevant for inclusion in the systematic review. This yielded 20 additional articles.
Study selection
The 190 unique articles were manually inspected to assess their eligibility for inclusion in the systematic review. We excluded articles if they: (a) did not explicitly compare differences between males and females (i.e., the study statistically controlled for or ignored the effect of sex); (b) only included adults (i.e., only subjects over the age of 18 included); (c) focused on a disordered population (i.e., autism, dyslexia, or schizophrenia); (d) did not report empirical data (i.e., were reviews, systematic reviews, or meta-analyses); (e) did not report data on either brain structure or function. Based on these criteria, we excluded a total of 151 studies leaving a total of 39 studies.
Upon closer examination of the 39 full texts, we discovered that 13 did not meet the criteria for inclusion. Of these, seven focused on populations that may not be considered typically developing. Respectively, the studies tested children with auditory processing disorder (Bauer et al., 2009) , children who were left handed (Szaflarski et al., 2002) , and those who lived in impoverished conditions (Tarullo et al., 2017) . Others compared development in monolingual and bilingual children (Mohades et al., 2015) and early and late talkers (Preston et al., 2010) . One paper was a review while another controlled for sex (Urger et al., 2015) . The remaining six of the thirteen papers not meeting the criteria were excluded for miscellaneous reasons. Specifically, PubMed and Scopus both returned one entry with the same title and year of publication but a different sequence of authors. Respectively, the entries were listed as Gurholt et al. (2003) and Wilke et al. (2003) . The discrepancy in authorship created the initial impression that the articles were different, but closer inspection revealed the contents of the articles were identical. Since one of the articles was already excluded, we removed the other from the list as well. A second focused on metabolites (Lebel et al., 2016) . A third examined associations between intelligence, genes, and cortical thickness (Brouwer et al., 2014) . A fourth examined the effect of diet on the brain (Li et al., 2010) . A fifth, Guadalupe et al. (2015) , was a synthesis of a large dataset from multiple cohorts in which only one sample contained children from the age of 17 years. Finally, one study did not provide adequate detail about the examination of sex (Xiojuan et al., 2008) .
After excluding these 13 studies, 26 studies from the database search remained. Twenty additional studies were identified from Google Scholar. This resulted in a total of 46 studies. Fig. 1 depicts a visual representation of the search process.
Study collation
Important details of each study that was deemed fit for inclusion in the systematic review were recorded. These include information regarding whether they were identified via database search or Google Scholar, participant demographics, cognitive/linguistic tests, neuroimaging methodologies, whether or not there was explicit mention of correction for multiple comparisons and main findings and are presented in Table S1 .
Results and discussion
In total, structural MRI was the dominant methodology, with 26 studies reporting structural MRI studies. Substantially fewer studies investigated brain function using functional MRI (11 studies), EEG (6 studies), MEG (2 studies) and fNIRS (1 study). The age ranges used in individual studies varied widely from 2 to 90 days (Holland et al., 2014) to groups that included children as well as adults as old as 67 years (Szaflarski et al., 2006) . Likewise, the sample sizes varied significantly from 12 (6M and 6 F) (Molfese et al., 1978) to 508 (284M 224F) (Hanlon et al., 1999) . The hypothesis tested (e.g., sex differences, sex by age differences, sex differences modulated by a behavioral performance measure, etc.) also varied substantially between studies making direct comparisons between more than a few studies difficult.
Sex differences in brain and language development
Overall, we found inconsistent evidence for sexual dimorphism in language and brain development. Evidence for significant sex differences in brain structure and function is limited, and research to date related to this topic has resulted in conflicting reports. Furthermore, when sex differences in the brain were reported, this did not necessarily result in measurable differences in language ability. From this work, it appears that if sex differences do indeed exist, they are dependent on several heterogeneous factors. This review is based on a total of 46 studies. This number is considerably fewer than the number of brainbased studies examining sex differences in adults or the number of studies examining behavioral studies of sex differences in children. As such, the interpretation of the results can be only as strong as the studies included within the review. In the sections below, we summarize our findings on sex differences under two main themes: 1) sex differences in brain structure supporting language and 2) sex differences in brain function relevant to performing various language tasks. Where applicable, we also discuss the relationship between brain-based sex differences and behavioral performance on language tasks. We conclude the review by focusing on emerging themes, highlighting limitations of review studies, and suggesting areas for future research.
Sex differences in brain structure
The studies examining sex differences in brain structure in children employed a variety of measures, including cortical area (Pujol et al., 1993) , gray and white matter volume (Blanton et al., 2004; Caviness et al., 1996; Choe et al., 2012; De Bellis et al., 2001; Giedd et al., 1997; Holland et al., 2014; Lee et al., 2015; Lenroot et al., 2007; Sowell et al., 2004; Vadlamudi et al., 2006; Wilke et al., 2007) , myelination (Su et al., 2008) , fractional anisotropy/diffusivity (Lebel et al., 2009; Mohades et al., 2015; Schmithorst et al., 2008 , Seunarine et al., 2016 , myelin water fraction Deoni et al., 2015) and laterality (Lebel et al., 2009; Qiu et al., 2011) . Generally, whether or not sex differences were found depended largely on the specific brain measures and regions examined, and interactions with age (trajectories and how age was modelled). Most of the above studies collected some measure of language function or proxy for language function such as verbal IQ, however these were largely acquired to ensure that study participants exhibited typical range of functioning based on age-based norms, or to use as a covariate of no interest (to control for their effects on brain measures). Namely, these measures were not used to specifically examine the relationship between structure and language ability (some notable exceptions are Dean et al., 2015; Lebel et al., 2009; Lee et al., 2015; Qiu et al., 2011) . This makes it somewhat difficult to establish a robust relationship between brain structure and performance on language tasks. While sex differences in brain structure were reported, whether such structural differences are associated with corresponding sex differences in behavioral performance of language tasks remain unclear. Reviewed studies that examined specific brain structures relevant to examining possible sex differences supporting language function are discussed in more detail below. Table 1 provides a summary of the different methods used to study sex differences in children, categorized by the main brain structures reviewed below (Table 1) .
Inferior frontal gyrus (IFG)
The inferior frontal gyrus (IFG) comprises cortical areas rostral to ventral premotor cortex, and typically include Brodmann areas 44, 45, 47. The left IFG in particular overlaps with Broca's area and supports functions critical to speech and language, including analysis of semantic and syntactic relations (Skeide and Friederici, 2016 ) and planning and production of speech articulation (Hickok and Poeppel, 2007) . Several studies have reported sex differences in the IFG. In a study examining age and "gender" effects during normal cortical maturation, Blanton et al. (2004) examined gray and white matter volume in 21 boys and 25 girls between 6 and 17 years old. The authors found significantly greater left IFG gray matter volume in boys relative to girls, and age related left IFG white matter volume increases in boys. Continued modification of IFG during normal development was observed in boys. The significance of this finding is unclear, as the neuroanatomical results and their relationship to language functioning was not explored. Nevertheless, the authors speculated that the age associated re-organization of the left IFG in males may be what makes this region more sensitive to abnormality, which could render males to be more susceptible to developmental disorders affecting language development. There also appears to be earlier expansion of speech networks in girls compared to boys (Zielinski et al., 2010) .
In a larger study of 98 boys and 102 girls between 5 and 19 years, Wilke et al. (2007) reported greater gray matter volume in the left IFG for girls compared to boys, but this was not associated with differences in verbal IQ as an indicator for language abilities. Another study measuring the degree of myelination in boys and girls from birth to 8 years of age in the left IFG found no sex differences (Su et al., 2008) . The studies reviewed in this section together suggest that boys and girls have different developmental trajectories of the left IFG, particularly during school-age and adolescence.
Superior temporal gyrus (STG)
The horizontal plane of the superior temporal gyrus (STG) houses the primary and secondary auditory cortices, critical regions that support speech and language processing. Auditory regions in the STG have been examined for potential sex differences using a variety of measures, including cortical volume. Lange et al. (1997) identified greater variability in the overall brain structural volume of the left STG in pubertal males relative to females; this pattern was not found in prepubertal subjects. Such variability may suggest poorer performance on language tasks in pubertal boys as compared to pubertal girls, but given that no tests of language were performed in the study, this is difficult to verify (for a more general review on the influence of puberty on sex differences in structural brain development see Herting and Sowell, 2017) . In another study where STG was examined in children and adolescents, Wilke et al. (2007) observed greater pSTG gray matter A. Etchell et al. Neuropsychologia 114 (2018) 19-31 volume in boys relative to girls between 5 and 18 years of age. Girls on the other hand showed greater gray matter volume in the left IFG. No sex by age interaction was found in this study. In addition, sex differences in white matter volume of the pSTG were not found. Similarly, Su et al. (2008) found no sex difference in the degree of myelination in Wernicke's area, located in the posterior part of the STG (Su et al., 2008 ; see also Deoni et al., 2015) . In terms of structural asymmetry, one study reported greater leftward asymmetry of the planum temporale in females than males aged between 3 and 14 years (Preis et al., 1999 and see also leroy et al., 2015) , although the authors caution that unpublished data using a larger sample found no such difference. In line with this work, Vadlamudi et al. (2006) did not find any sex differences in the asymmetry of the planum temporale in children between 4 and 16 years.
Corpus callosum (CC)
The corpus callosum is the major commissural fiber bundle that inter-connects the two cerebral hemispheres. Sub regions in the corpus callosum connect speech relevant areas between the two hemispheres. More specifically, the anterior third of the corpus callosum connects the bilateral the prefrontal, premotor, and supplementary motor areas; the anterior midbody connects the motor areas; the posterior midbody connects the posterior parietal lobes; the isthmus connects the posterior parietal and superior temporal lobes; the splenium connects the occipital and inferior temporal lobes (Hofer and Frahm, 2006) . The main function of the corpus callosum is to integrate information between the left and right hemispheres, but it is also involved in sensory processing, memory, and attention (Giedd et al., 1999a) . It also plays a crucial role in language lateralization (Hinkley et al., 2016) . As such, examining the structure of the corpus callosum could provide important glimpses into patterns of brain laterality and its effects on language development.
Based on research in children and adults that examined structural connectivity measures, female brains have been reported to be better optimized for inter-hemispheric connectivity. Males on the other hand exhibited greater intra-hemispheric connectivity (Ingalhalikar et al., 2014 ; see also Gur and Gur, 2017) . Intra-hemispheric connectivity to a large extent is supported by the structural integrity of the corpus callosum that is necessary to perform semantic and phonology judgment tasks that require bilateral neural coordination (Baxter et al., 2003; Bitan et al., 2010; Burman et al., 2008) .
Other studies examining sex differences in callosal morphology in young children (Giedd et al., 1999b) and adolescents (De Bellis et al., 2001; Pujol et al., 1993; Reiss et al., 1996) failed to find convincing evidence for sex differences in either area or growth rates. Later work using larger samples reported mixed findings with respect to sex differences when considering interactions with age. For example, De Bellis et al. (2001) , even when adjusting for total cerebral volume, found no age-related differences in the area of the corpus callosum between the sexes. It is worth noting however that when considering the interaction with Tanner stages (a scale of physical development including external primary and secondary sex characteristics; Tanner, 1969, 1970) , rather than age, the interaction was significant.
Size differences in sub-regions of the corpus callosum may reflect differences in structural connectivity between the two hemispheres that support language task performance. Tanaka-Arakawa et al. (2015) studied the development of the corpus callosum via MRI images acquired from subjects ranging in age from one month to 25 years. The corpus callosum was segmented into 7 subregions in the mid-sagittal plane, and the area measure of each sub region was computed: rostrum, genu, rostral body, anterior midbody, posterior midbody, isthmus, and splenium. Whole brain size was also calculated in order to provide size ratios for the subregions relative to the whole brain. Although there were no sex differences or sex by age interactions in the absolute size of the corpus callosum, the ratio of total corpus callosum to the whole brain was significantly higher in females than males, as were each ratio of genu, posterior midbody, splenium to the whole brain volume.
Similarly, using myelin water fraction, a surrogate measure of myelin content, Dean et al. (2015) modelled non-linear growth rates in the corpus callosum in 108 children aged between 2.5 months and 5.5 years. Using a longitudinal design, the authors found significant correlation between myelin water fraction with motor and cognition measures across the sexes. The overall trajectories of myelin water fraction did not differ between the sexes, however the growth rate of development was higher in males than females, while the amplitude of developmental trajectories was higher in females relative to males. Table 1 Sex differences in brain structure. For various measures. Red indicates a difference favoring females (F > M), blue indicates a difference favoring males (M > F) and purple indicates no significant difference (F = M). ** = correction for multiple comparisons (if applicable) and > 30 subjects in each group * = correction for multiple comparisons (if applicable) and < 30 subjects in each group.
Association fibers
In addition to the corpus callosum, other major white matter tracts including the dorsal and ventral auditory pathways play an important role in language development (Brauer et al., 2013; Friederici and Gierhan, 2013) . Diffusion tensor imaging (DTI) is a structural MRI technique that has often been applied to examine the microstructural development of white matter in children. In one study that examined diffusion metrics derived from DTI scans in children 8-16 years, Seunarine et al. (2016) found that, in general, girls exhibit advanced development in widespread areas including the corpus callosum. Compared to boys, girls showed decreased mean diffusivity (MD), axial and radial diffusivity, and increased fractional anisotropy (FA). MD quantifies the magnitude of diffusion in any given direction, while FA reflects the degree of diffusion in a preferential direction; it reflects white matter coherence. In general, FA increases and MD decreases during neurodevelopment, reflecting increasing white matter integrity. The sex differences observed were greatest in a narrow age range (8-9) but converged at 10-14 years (Seunarine et al., 2016) . In addition, boys showed a steeper slope of development of these diffusion metrics in the ages that were examined, whereas girls did not show age related changes. Similar sex differences in the rates of changes in diffusion metrics were also reported by others (Clayden et al., 2011; Schmithorst et al., 2008) .
There is a lack of evidence supporting sex differences in the arcuate fasciculus, the bundle of fibers connecting the inferior frontal gyrus and the superior temporal gyrus. Two studies report a distinct lack of sex differences in the laterality of the arcuate fasciculus in children between 5 and 13 years (Lebel and Beaulieu, 2009 ) and 7-23 years (Qiu et al., 2011) . While leftward lateralization is associated with higher reading scores (particularly in first graders), and girls scored better than boys on a reading task (Qiu et al., 2011) , this does not appear to be related to the extent of lateralization of the arcuate fasciculus. Fractional anisotropy (FA) values in the arcuate fasciculus do not differ between boys and girls (Seunarine et al., 2016) but girls between 5 and 18 appear to show greater mean diffusivity (MD) in the right arcuate fasciculus as they mature (Schmithorst et al., 2008) .
There is conflicting evidence regarding white matter diffusivity characteristics of the superior longitudinal fasciculus (SLF), a branch of which is the arcuate fasciculus, mentioned above. The SLF connects the frontal and temporal lobes and is crucial for speech and language production. One study found adolescent boys to have higher axial diffusivity (AD), a measure that generally goes hand in hand with MD, in the right inferior and superior longitudinal fasciculus (Bava et al., 2011) . Greater AD along the fiber projections of the SLF may suggest maturation of the SLF evidenced by more restricted diffusion. However, another study of adolescents (Wang et al., 2012) reported that girls have higher AD while boys have higher FA in the same structure. Results also showed that girls, but not boys, exhibit positive correlations between FA and verbal IQ in the left cortico-spinal tract and superior longitudinal fasciculus. There are also conflicting reports of MD in the SLF. Seunarine et al. (2016) found that MD was greater in males than females 8-16 years of age, and in contrast Wang et al. (2012) reported MD was greater in females than males 13-17 years old. One study suggests there is earlier development in all language related tracts in females than males except for the right SLF (Asato et al., 2010 ; see also Wang et al., 2012) . Overall, there are conflicting reports of sex differences in the superior longitudinal fasciculus in children and adolescents. These can be attributed to differences in the age range of the samples and indicates that there are actually negligible differences between the sexes in brain structure associated with language ability.
Basal ganglia (BG)
The basal ganglia comprise a group of subcortical structures implicated in speech production, due to their major role in the initiation, execution, sequencing, and timing of movements including speech production (Price, 2010 (Price, , 2012 . Greater activity in the BG is associated with faster (left dorsal putamen) and more accurate (left caudate) phonological processing (Tettamanti et al., 2005) as well as detecting syntactical anomalies (left caudate; Moro et al., 2001) . Generally, girls are reported to have larger subcortical gray matter volume than agematched boys, although there are region specific trends across basal ganglia and thalamus subregions (reviewed in Herting et al., 2014) , even when corrected for total brain volume (Caviness et al., 1996; Choe et al., 2012; Giedd et al., 1997; Lange et al., 1997; Neufang et al., 2008; Sowell et al., 2002; Wilke et al., 2007) . This difference is partially attributable to varying levels of sex hormones: when testosterone levels are low, caudate volume increases, but when levels increase during adolescence, caudate volume decreases (Herting et al., 2014) . This study also found boys to have larger left thalamus volumes than girls. Although the caudate is associated with language ability, the extent to which this relationship is associated with sex differences has not yet been directly examined. Maturation of the basal ganglia occurs earlier in females than males. For example, girls achieve peak caudate size between 7.5 and 10.5 years of age which is~2.5 to 3.5 (Lenroot et al., 2007) years earlier than boys. Interestingly, aberrant caudate volume is reported in a variety of developmental disorders affecting speech and language such as stuttering (e.g. Foundas et al., 2013; Sowman et al., 2017) , which is significantly more prevalent in boys than girls. Overall, there is some evidence that sex differences reported in the BG may be related to different rates of maturation between boys and girls, rather than inherent sex differences.
Sex differences in brain function
Sex differences found in language-relevant brain structures as reviewed in the previous section may not necessarily be associated with sex differences in language task performance measured at the behavioral level, or differences in brain activity patterns in the same brain areas. Namely, it is possible that sex differences in language task performance, and patterns of brain activity associated with language processing may exist in the absence of structural differences and vice versa. In the following sections, we review studies that have reported brain functional differences between the sexes observed during performance of various language tasks. Research utilizing functional magnetic resonance imaging (fMRI) typically involved assessing differences in either magnitude of activation (Burman et al., 2008; Plante et al., 2006; Wood et al., 2004) or functional connectivity (Bitan et al., 2010; Burman et al., 2013; Wu et al., 2013) , or correlated brain activity patterns, during language tasks. The studies examining magnetoencephalographic (MEG) or electroencephalographic (EEG) components assessed differences in amplitude and latency of brain oscillations acquired while children performed language tasks. We organize the sections below by the various language tasks (or no task, as in resting state fMRI) that were used to examine brain activity. Table 2 provides a summary of the different language tasks used to study sex differences in brain function in children, categorized by the main brain structures that showed functional differences (Table 2) .
Resting state
Brain activity examined during resting state (when a subject is passively lying in the scanner and letting their mind wander without performing any form of overt or covert task) can provide insights into the degree of interaction among functionally connected regions including language areas such as Broca's and Wernicke's areas (Hampson et al., 2002) . There is some evidence for sex differences in network connectivity involving language-relevant areas such as the left IFG and left putamen. For example, Wu et al. (2013) showed that boys exhibit higher node efficiency (ability of a node to propagate information to other areas in a network) in the left putamen and left orbitofrontal cortex, while girls exhibit higher node betweenness (a measure of the influence of a region over the flow of information between all other regions within a network) in the triangular portion of the left IFG. These results await confirmation with larger samples of children. SolePadulles et al. (2016) reported a resting state fMRI study of 113 children between the ages of 7 and 18 years. Here, they examined the intrinsic connectivity of multiple networks, including those involved in language. While the results showed significant age-related changes in network connectivity from childhood to adolescence in both boys and girls, there were no significant sex differences or age by sex interactions. Thus, this well-powered study failed to find support for the existence of sex differences in intrinsic functional connectivity of the language networks in children. Likewise, using 1011 subjects from multiple publicly available datasets with subjects aged from 7 to 29 years, Nielsen et al. (2013) found no difference in the functional lateralization of resting state connectivity of language areas between males and females. Strong left lateralized networks involving Broca's and Wernicke's areas were present in both sexes and this did not differ significantly between the sexes.
Compared to the findings from resting state fMRI, some electrophysiological (EEG) studies have reported evidence of sex differences in language related cortical regions. For instance, in a study that examined mean EEG coherence in 224 girls and 284 boys (2 months-16 years), Hanlon et al. (1999) found sex-specific patterns of timing differences in the development of synchronous EEG coherence peaks. From birth to 6 years, girls showed synchronized EEG coherence peaks in the frontal and left temporal cortical regions associated with language function, while during the same age range boys showed the EEG coherence peaks in visual-spatial processing areas. After the age of 6, boys showed the synchronized peaks in the frontal left temporal language areas (Hanlon et al., 1999) . Ringli et al. (2013) recorded over 60 min of EEG data during sleep in 11 boys and 11 girls aged between 8.7 and 19.4 years of age. Bilateral slow wave activity, a measure thought to reflect cortical plasticity (Huber et al., 2006; Vyazovskiy, 2009) , in language regions was greater for girls compared to boys. Girls showed higher activity in the bilateral temporal regions than boys, while boys had higher activity in the right frontal region compared to girls. The authors suggested that increased slow wave activity may account for previous reports of female superiority on language tasks, but this conclusion is only speculative as they did not actually measure performance on language tasks. Since slow wave activity is thought to be an indicator of maturation, speech and language regions may mature at different rates in males and females.
In summary, when examining resting state activity, there is inconsistent evidence of sexual dimorphism as measured by lateralization, activation, and connectivity of language areas.
Language comprehension and speech perception
Many studies have examined task-based brain activity associated with language comprehension and speech perception. Schmidhorst and Holland (2007) conducted a study in which the relationship between intelligence and brain functional connectivity for narrative comprehension was examined in 151 boys and 152 girls. In girls, increased connectivity between left posterior STG and Wernicke's areas bilaterally was associated with higher verbal IQ. For boys, functional connectivity between Broca's area and bilateral auditory regions was associated with higher verbal IQ. An age effect was observed in girls, where a positive correlation with age was observed in the association between intelligence and functional connectivity linking the bilateral auditory areas. These results indicate an increasing inter-hemispheric connectivity of temporal areas supporting narrative comprehension in girls. Due to the large number of subjects and rigorous correction for multiple comparisons, these results provide strong evidence of sex differences in Table 2 Sex differences in brain structure. For various measures. Red indicates a difference favoring females (F > M), blue indicates a difference favoring males (M > F) and purple indicates no significant difference (F = M). ** = correction for multiple comparisons (if applicable) and > 30 subjects in each group * = correction for multiple comparisons (if applicable) and < 30 subjects in each group. brain function supporting language comprehension in children.
In a study examining sex differences in story listening in pre-school age (3-5 years) children (13M and 17F), Sroka et al. (2015) compared neural activity during passive listening to a story versus listening to a non-speech broadband noise sweep. Both groups showed the expected activity in bilateral auditory cortices, left angular gyrus, and supramarginal gyrus during the passive listening task. Boys showed greater activity in the right anterior cingulate and the superior frontal gyrus than girls even though there was no difference in performance on tests of receptive vocabulary. The authors suggested that, given the involvement of these regions in executive functioning, boys may require greater cognitive resources to achieve similar performance on receptive vocabulary tasks. Interestingly, children with higher vocabulary scores showed increased left-lateralization and greater activity in the bilateral thalamus, hippocampus, and left angular gyrus, which partly mirrors structural studies (Lee et al., 2015; Lee et al., 2009; Solé-Padullés et al., 2016) . Although there was stringent correction for multiple comparisons, the small number of subjects in conjunction with the lack of behavioral difference suggests some degree of caution is warranted in interpreting the results.
Dichotic listening tasks are often used to assess speech/language lateralization. In these tasks, different stimuli are presented in each ear simultaneously and subjects are asked to report what is heard. Subjects tend to be more accurate or faster when reporting what is heard in the right ear, a phenomenon also referred to as a right ear advantage ([REA]; see Bryden, 1988) . In terms of a REA, Hirnstein et al. (2013) reported there was a significant interaction between age and sex, such that the REA emerged earlier in adolescent (10-15 years) girls than adolescent boys. In children (younger than 10) and younger adults (between 16 and 49 years in this study), however, there were no significant sex differences. Any difference between the sexes in REA was small and was not accompanied by any differences in neural activity as measured with fMRI. The large number of subjects used (> 100) and narrow age range examined indicates that when differences do emerge, they are relatively small. Additionally, the study also provides strong evidence that sex differences are negligible in terms of REA in younger children.
In a study examining word recognition, MEG was used to collect high frequency neural oscillation data while boys and girls (age range: 6-13 years) performed a word matching task (Gummadavelli et al., 2013) . In this task, a pair of words was presented, one auditorily via speakers, and one visually on screen. If the words were the same (i.e., they matched), then subjects were instructed to do nothing. If the words were different (i.e., they did not match), the subjects were instructed to press a button. Only the data where the stimuli matched were analyzed. Regardless of sex, there were increases in left lateralization of language activation with age in the 70-120 Hz range. Brain activity occurring in this frequency range was localized to Broca's and Wernicke's areas and was thought to reflect maturational changes. Boys and girls differed in language laterality with age. Between 6 and 9 years of age, girls but not boys showed a positive correlation between age and left laterality. Between the 10-13 years of age, more boys (12/20) than girls (5/20) exhibited bilateral activation in Wernicke's area indicating greater laterality in older girls. These results suggest there are reliable differences in the lateralization of language as measured by high frequency oscillations. But how this relates to language performance is unclear given no behavioral response were recorded. Importantly, the results seem to corroborate the greater REA occurring in girls than boys in the 10-15 age range as noted above in a study by Hirnstein et al. (2013) .
More evidence supporting earlier occurring and greater left laterality for word recognition in girls than boys comes from an EEG study by Molfese (1990) . In this study, auditory evoked potentials (AEPs) in the left hemisphere differentiated between known and unknown words in infant girls, whereas AEPs in both hemispheres did so for infant boys. This would suggest more left lateralized representation for word recognition in girls as compared to boys. However, this conclusion should be taken with caution given the very small number of subjects. Likewise, Shucard et al. (1981) reported that in the left hemisphere, girls produced higher auditory evoked potentials to tones played while they were listening to a story. Boys showed additional activation in the right hemisphere. These authors concluded that greater left lateralization for girls may underpin behavioral differences in language ability in early childhood. Molfese and Hess (1978) recorded EEG activity while participants listened to consonant vowel syllables. Using principal components analysis, the authors decomposed the 64.4% of the variance across experimental conditions into four factors. They showed that as voice onset time increased, the contribution of the first factor increased in a non-linear fashion; with respect to this first factor, boys had a larger right hemisphere response than girls, suggesting stronger right lateralization in boys than girls. However, the authors note that the differences they observed were likely due to maturation, since they were not found in adults. Furthermore, the small number of subjects and lack of correction for multiple comparisons in the Molfese and Hess (1978) study means that the study does not provide strong support for greater right lateralization in boys. Although the studies tend to converge in terms of findings, given the small number of children from both sexes, these results await confirmation by future studies that employ larger sample sizes.
Using near-infrared spectroscopy -a neuroimaging technique that enables measurement of hemodynamic activity of brain regions near the scalp - Yamasaki et al. (2013) collected responses in bilateral temporal areas in response to the mother's voice, an unfamiliar voice, and environmental sounds in 10 younger (3-4.5 years) and 10 older (4.5-6 years) children. Overall, sensitivity to the mother's voice was higher in the younger group than the older group of children, highlighting the crucial role of mother's voice throughout early childhood. The only sex difference observed was that older girls exhibited weaker responses to their mother's voice in left temporal areas as compared to older boys. This result may indicate that girls achieve more mature patterns of activity in the left auditory cortex earlier compared to their male peers, who seem to be still sensitive to their mother's voice, similar to that seen in younger children during language development. However, as with several other studies mentioned above, this study also used a small number of subjects, thereby reducing the confidence that can be placed in the conclusions. Overall, there is inconsistent evidence of sexual dimorphism involving language comprehension and speech perception. Left-lateralized activity in girls compared to boys, particularly during early childhood, has been reported, however these results are inconsistent and await confirmation by future studies that compare the sexes across narrower age brackets.
Speech production
Using a verb generation task, Yu et al. (2014) examined sex differences in spatiotemporal patterns of language lateralization by recording neuromagnetic activity in the gamma band. This task requires word retrieval, semantic processing, and expressive language (Yu et al., 2014) and is a reliable task to compare sex-related developmental differences in language function. Whereas boys showed left hemisphere lateralization in the frontal and temporal language areas, girls showed a more bilateral pattern, especially in frontal areas. Additionally, these differences were most evident at a younger age but converged in later (preteen) years. The authors again suggested they were associated with different rates of maturation and that they did not persist into adulthood. Interestingly, there was no difference in performance on tests of language ability (Peabody Picture Vocabulary Test (PPVT, Dunn and Dunn, 2007) and the Expressive Vocabulary Test (EVT Williams, 1997) , so while there may be differences in neural activity, there are not corresponding differences in performance on language tests.
Another MEG study of children between 5 and 19 focusing on the frontal lobe reported no sex differences in laterality during an overt verb generation task (Kadis et al., 2011) . Corroborating this finding, multiple fMRI studies report that boys and girls do not differ in the degree of lateralization of left frontal regions (e.g. Broca's) during a verb generation task (Gaillard et al., 2003; Plante et al., 2006; Szaflarski et al., 2006; Wood et al., 2004) . This consistent result from multiple studies, most of which corrected for multiple comparisons and used large samples, suggest that boys and girls likely do not differ in the degree of lateralization of brain activity associated with speech production. In addition, there appears to be a positive relationship between the number of active voxels in the left frontal regions and performance on an oral reading task regardless of sex (Wood et al., 2004) . The lack of sex differences in functional laterality associated with speech production tasks conflict with the results in the previous section, where several studies reported a greater left laterality of function associated with speech/language comprehension in girls than boys. This difference may reflect greater left auditory-motor integration needed for speech production relative to comprehension. Greater left auditory-motor integration for speech production is supported by a left lateralized arcuate/superior longitudinal fasciculus, which was reviewed in a previous Section 3.2.4 to be comparable between the sexes in structural laterality.
Different from results reporting lack of sex differences in laterality, some studies found significant sex differences when performing speech production tasks. Plante et al. (2006) collected behavioral and fMRI data from 225 subjects across multiple language tasks, one of which included a verb generation task where subjects were asked to 'think' of a verb related to a given noun. They found a significant, albeit small, interaction between sex and age in a left frontal ROI for the verb generation task such that girls showed greater activation in the left inferior frontal region. They did not find significant sex differences in functional laterality. Notably, any sex differences involved an interaction with age, highlighting that what was described as a sex difference may be more accurately described as maturational changes. More specifically, the "sex differences" reflected the fact that boys and girls mature at slightly different rates and times. Further, interactions between age and sex generally also depended on the language task performed. Overall, the results reported in this study (see also Schmidhorst et al., 2006) underscore that sex differences are subtle and dependent not only on age, but also the specific task performed, and the neuroanatomical regions of interest examined.
Phonology and orthography
Bitan et al. (2010) examined the direction of interhemispheric interaction associated with performing rhyming judgment of spoken words using an effective connectivity analysis of fMRI data. Subjects performed a task involving rhyming judgment of spoken words. The words were either conflicting or non-conflicting in terms of their orthography and phonology. For example, in the two non-conflicting conditions, orthography and phonology were either both similar (dime, lime) or different (staff, gain). In the conflicting conditions, either orthography matched and phonology did not (pint, mint) or phonology matched and orthography did not (e.g. jazz, has). Thirty-nine children aged 9-15 participated in this study, where interesting findings on inter-hemispheric communication, involving connections among primary and association auditory and inferior frontal regions were reported. A generally greater interhemispheric connectivity was found in girls compared to boys. However, greater interhemispheric connectivity from the right STG to the left STG was associated with lower verbal IQ and slower reaction times in girls (Bitan et al., 2010 ; see also Schmithorst et al., 2007) . The authors interpreted these results to indicate that while the heightened inter-hemispheric interaction may provide benefits for some aspects of language processing, it may adversely affect performance in girls with low verbal IQ. For example, the authors suggested that in the rhyming task, some girls may rely too much on less relevant information such as melodic pitch of the speaker's voice (processed by the right STG) that occurs at the expense of focusing on more relevant phonological information (processed by the left STG). Related to sex differences in laterality, Spironelli et al. (2010) conducted an ERP study using orthographic, phonological, and semantic tasks in 28 school-age children (14 boys). The findings pointed to reduced left language lateralization in girls compared to boys in all tasks during the early period of reading skill development.
Others have reported that despite a lack of difference in behavioral performance on an orthographic judgment task, girls exhibited greater activity of bilateral IFG and left fusiform gyrus across all tasks, and this was correlated with accuracy (Burman et al., 2008 Torgesen et al., 1999) , but only in girls (Burman et al., 2008) . Burman et al. (2013) further examined the location of connectivity as it related to orthographic judgement tasks. The orthographic judgement task described here involved visual presentation of two words sequentially on a screen. Subjects were asked to judge whether the letter sequence from the first vowel onwards in the two words was the same or different. Increases in age and verbal IQ were associated with a lateral shift from the primary visual cortex to the left temporal lobe (fusiform gyrus) in girls and a posterior shift in the occipital cortex for boys, indicating that a different strategy might be used between boys and girls to perform orthographic judgment tasks. But despite the relatively large number of subjects (42), these conclusions should be taken with caution given that there was no mention of correction for multiple comparisons. In sum, the findings discussed in this section indicate that boys and girls may differentially engage visual and language regions to support orthographic and phonological processing during development. There appears to be some evidence supporting sex differences in laterality of language area activity during these tasks, with females tending to engage more inter-hemispheric activity compared to males.
Conclusions
Emerging themes from the reviewed literature
There is inconsistent evidence of sex differences in brain structure/ function related to language. Although there may be statistically significant differences in brain structure and function between boys and girls, the practical significance of these differences seems to be negligible. On the other hand, it is possible that boys and girls employ different, but equally effective, cognitive strategies for certain tasks that lead to minor differences in performance as evidenced by brain function, but not in the behavioral performance itself.
Sex differences in brain structure/function often interact with a variety of factors. For example, age effects have been frequently reported to interact with any sex differences. This highlights the need to examine narrow age ranges particularly in children. Interestingly, such work has also led multiple authors to conclude that what is often described as a sex difference might be more accurately characterized as a difference in maturation between the sexes. Another important factor is task; sex differences might be dependent on very specific task parameters. For example, the emergence of sex differences may depend on whether the task involves perception, production, or judgements about language stimuli. It might also depend on the complexity of the stimuli (such as whether they are syllables, single words, or entire sentences) and how they are presented. Further, the identification of sex differences seems to depend on what brain structure or function is measured, such as fractional anisotropy, connectivity, area, volume, thickness, amplitude. Taken together, finding sexual dimorphism of brain development relevant to language appears to depend largely on considering the effects of age, brain region(s) examined, and the technique and analyses utilized.
Limitations of reviewed studies
Relationship between brain and behavior
Most studies failed to directly examine the relationship between brain structure/function and performance on tests of language ability. On one hand, the functional relevance of sex differences in the brain is unclear because it is difficult to determine whether they are a cause or consequence of differences in behavior. On the other hand, sex differences in the brain do not always imply differences in behavior. Instead of producing differences at a behavioral level, sex differences in brain structure and function may arise to minimize them. More generally, there is a disconnect between studies examining brain structure and function and those examining behavioral performance of language tasks. To gain a clearer understanding of the brain and language, it is crucial for these to be integrated.
Challenges of conducting functional imaging studies in young children
Successful collection of brain imaging data from children is a challenging endeavor. The experimental procedure must be carefully designed and implemented to ensure the child is comfortable and any movement is minimized throughout the duration of the experiment, particularly in the case of MRI. Movement artifacts can introduce additional sources of variance and contribute to null results. Similarly, the short scanning time inadvertently generates a high degree of inter-individual variation thereby further diluting any difference between the sexes (Grayson et al., 2017) . This is a difficult challenge to overcome because long sessions are typically prohibitive to scanning young children. Further, when a task is involved, it must be simple for the child to understand and perform. Most task-based imaging studies reviewed here tested the perception or (covert) production of single words or syllables. Simple tasks may not be sufficiently demanding to elicit and reveal sex differences in behavior. To capture the true extent of sex, it may be necessary to examine language using tasks that are more ecologically valid. The choice of tasks and specific experimental parameters may have a strong influence on whether sex differences are identified.
Biases in reported results
There are a small number of published studies finding significant differences in brain structure and function and language ability in boys and girls. It is important to consider however, the phenomena of "publication bias" or the tendency of researchers to submit, and journals to publish, only manuscripts reporting significant results (Ferguson and Heene, 2012) . More specifically, this raises the question of how many unpublished studies or those rejected by journals failed to find significant differences between the sexes. Publication bias may obscure a far larger number of studies finding no significant differences in brain structure/function and behavior. This can be solved by journals implementing pre-registered reports and publishing studies regardless of significance (c.f. Cortex). Another important consideration is the motivation of researchers to find significant differences. The effect of sex was routinely analyzed even though it was not always the main focus of investigation. Not surprisingly, these studies tended to find no differences between boys and girls. For example, an a priori hypothesis using regions of interest may allow for greater statistical power relative to an exploratory investigation using whole brain analysis.
It is somewhat disconcerting to find that papers that failed to explicitly correct for multiple comparisons seemed to identify sex differences about as frequently as those that did make such corrections. 26 studies examined differences in brain structure. Fifteen of the 26 explicitly reported correcting for multiple comparisons while 11 did not. Of those 15, 13 (87%) reported significant differences and 2 (13%) did not. At least 3 of the 15 studies on brain structure cautioned interpreting the sex differences due to small samples, issues with p values and a lack of correlation with behavioral values. Among the studies that explicitly mentioned correcting for multiple comparisons, 50% mainly reported on sex differences in overall gray or white matter volume that tended to favor boys. The other 50% reported differences in various structures or tracts. Of the 11 studies that did not explicitly correct for multiple comparisons, 9 (82%) reported significant group differences and 2 (18%) did not.
Ten (67%) of the 15 studies of brain structure corrected for multiple comparisons and also reported a significant sex difference, compared to 9 (82%) of the 11 studies reporting significant sex differences in brain structure that did not correct for multiple comparisons.
Twenty studies examined differences in brain function. 60% (12 studies) of these explicitly mentioned correcting for multiple comparisons and 40% (8 studies) did not. Of the 12 studies that corrected for multiple comparisons, 8 (67%) reported significant differences in brain activity and 4 (33%) did not. At least one study among the studies that corrected for multiple comparisons reported no corresponding difference in behavioral measures and another study noted that the differences were very small in magnitude.
The percentage of studies investigating brain function that corrected for multiple comparisons and also reported significant sex differences was 50%. The percentage of studies reporting significant differences in brain function that did not correct for multiple comparisons is 75%. Taken together, this illustrates that the percentage of robustly conducted functional studies reporting significant sex differences is lower than the percentage of less rigorously conducted studies reporting significant differences.
Notably too, the sex of the first author tends to affect whether the paper finds sex differences or not (Hyde and Linn, 1988) . Nevertheless, if publication bias is a significant contributing factor, it would only serve to bolster the conclusion that the magnitude of sex differences is smaller than described here.
Limitations of this review
There are a number of limitations of this review. First, while the authors made every attempt to identify published studies examining sex differences in language and faithfully represent their main findings, there is the possibility some papers have been missed in our search. This may be attributed to a combination of factors such as the databases examined and the specific search terms used. Such limitations are not unique to our review, but inherent to all systematic reviews. Second, the scope of this review was limited. It specifically focused on sex differences in the brain associated with language ability in typically developing children and ipso facto did not address the large body of literature documenting sex differences in children with neurodevelopmental disorders of language. This is an area of considerable interest given the vast discrepancies in the prevalence of stuttering, dyslexia, and specific language impairment among boys and girls. Moreover, the review also did not cover the effects socioeconomic status (Barbu et al., 2015 ; see also Tarullo et al., 2017) , hormones (Schaadt et al., 2015) , brain metabolites (Lebel et al., 2016) , or diet (Li et al., 2010) , which are associated with sex differences in performance on language tasks. Consequently, it is important to consider how these variables might also influence differences in brain structure and function between boys and girls.
Conclusions and future directions
The existing literature suggests there is inconsistent evidence for sex differences in brain structure and function, and any such differences do not generally result in corresponding differences in behavioral performance on language tasks. Conflicting reports of sex differences in structure and function of language areas of the developing brain suggest that these differences may be negligible. These results are consistent with a systematic review of studies of adults (Wallentin et al., 2009 ). However, it should be noted that a lack of consistent sex differences in children associated with language does not preclude the existence of sex differences in other cognitive domains. Further research is needed and below we provide some recommendations for this endeavor. Future studies would benefit from using significantly larger samples to have sufficient power to detect differences should they exist. Additionally, given that sex differences found in several studies were age dependent, examining a restricted age range rather than one spanning more than a decade would increase the likelihood of gaining insights into sex differences that occur at each developmental stage. For example, research could focus on investigating whether there are sex differences in brain structure/function at specific milestones in linguistic development (see Pujol et al., 2006 ) such as when a child can comprehend two-word sentences, produce 10 words, is mostly intelligible, or can produce a story in response to a picture (Luinge et al., 2006) . Second, it would be necessary for such studies to relate measures of brain structure/function to performance on language tasks to establish functional relevance of any differences. This is likely a feasible goal, given that most studies already collect data on language function. Third, utilizing gross statistical measures may obscure subtle sex differences. Therefore, future studies could utilize more sophisticated analysis techniques or scanning protocols. For example, this may involve measures of connectivity and conducting multimodal imaging. In the case of electrophysiological methods, time frequency analysis could be used rather than assessing amplitude and latency. Fourth, future research should examine the influence of genes and hormones on language development as well as how they interact with neurodevelopmental disorders (see Giedd and Rapoport 2010) . To date, detailed investigations on genetic and hormonal influences on sexual dimorphism of brain and language development have been sparse. Such studies would provide clearer insights into the biological bases of brain structural and functional differences that have been reported in previous studies such as those reviewed here. Overall, further investigation of sexual dimorphism of brain differences associated with language function is needed, to establish if indeed they exist, how and when they arise and their relationship to behavior. Such work will have important implications not only for typical development, but also for those with neurodevelopmental disorders.
